INTRODUCTION
The aluminum H-disk was instrumented with heaters (156 ohm on average) and 100 ohm platinum RTD's. Each heater supplies the heat of a double sided H-wedge. Since the flow splits into two flow directions at the inlet fitting, only half of the cooling channel is fully instrumented with RTD's. The other path has a single RTD to check for flow balancing. These items were installed after Greg Derylo petformed the first pressure drop tests.
At the time of the test, the desired adhesive for gluing the two halves of the channel together was not available. Therefore, 5-minute epoxy was used on the inner and outer diameters of the halves. Tape was used to set the gap between the two halves . This form of attachment does not make a strong bond between the two halves so the differential pressure between the inside and the outside of the channel was limited to a couple of psi. Therefore, the tests were not conducted in a vacuum.
SETUP
The heaters were adhered onto an aluminum plate to more closely mimic a wedge. The aluminum plate has the same ledge contact area as a wedge and there was a heater at each wedge location. Vacuum grease was used to decrease the thermal resistance between the heater and the cooling channel. On one of the flow paths, RTD's were mounted on the cooling channel just downstream of each aluminum heater plate. I refer to this cooling path as the instrumented side. For the opposite cooling path, a single RTD was mounted about half way down the channel in a similar location to one on the instrumented side. These two RTD's were checked against each other before installation to understand the offset between them. The offset was measured to be about 0.05°C or less. See the attached drawing for further details.
The resistance of each heater was measured and documented. The heaters where placed on the cooling channel so as to evenly distribute the heat and reduce error when looking for balanced flow between the two cooling paths. The heaters were split into two groups; instrumented side and uninstrumented side. These two groups were supplied power from the same power supply but on different leads. Each group of heaters were wired in parallel and the voltage supplied was measured at this point to provide better accuracy when calculating the actual heater power. The current for each group of heaters was measured across a 1 ohm resistor that was cooled in order to provide a stable resistance. See the heater table for more information. The RTD's are read by a strip chart recorder connected to a pe. The reading on the PC is generally very good for constant inputs. The RTD's are supplied current from a constant current source in the strip chart and the voltage read into the PC do vary. This leads me to believe that the current source is unsteady. Therefore, multiple points are taken and the data averaged after throwing out obviously invalid data. The standard deviation before throwing out data is between 0.02 and 0.18°e. After throwing out data that is quite high or low, the standard deviation is typically 0.06°e or less. A couple of channels tend to have a larger scatter and cannot be reduced to less than about 0.1 °e (RTD 13 is the worst).
RESULTS
All of the heat transfer tests were performed at -lO°e. The first test performed was with the heater power off. This was to establish the baseline for the powered tests . It was later determined that the disk had not come into equilibrium during this test before gathering the data so it was re-run the next day. The second test was with the heaters powered to mimic a 640 mW chip power. The third test was for 500 mW chip power. During the initial checking of the data, it was noted that Greg's pressure drop data and the pressure drop gathered here were slightly off.
When re-running the unpowered case, I gathered data at ooe as well as -10°C to determine if my previous pressure drop data was in error. The data came out very close to the same although still less than Greg's. The major difference between my setup and Greg's was the length of tubing between the pressure tap location and the cooling channel. Greg had about an additional 2 inches on one leg and 7 inches on the other leg. This can account for some of the difference. For fully developed flow, 9 inches of the 'A" ID tubing is about 0.2 psi for the highest flow rate I ran at -lO°e. This will be higher for our case since it is developing flow .
To eliminate the heat load on the coolant due to the environment, the unpowered data is subtracted from the powered data. Since the supply coolant temperature varies slowly during the testing period, the inlet coolant temperature difference (powered minus unpowered) is subtracted from the temperature data. This results in the temperature rise of the cooled ledge over the inlet coolant temperature over and above the ambient heat load effect. This also has the convenience of eliminating any offset of the RTD ' s. For reference, RTD 7 and RTD 14 are very close to each other and I estimate that they are within 0.05°e of the true temperature. The inlet RTD's (16) reads about 0.3°e lower than the outlet RTD (15) and is about 1°C below the true temperature. These two RTD's are in the coolant about 10 inches from the cooling channel.
The results indicate that the flow might be slightly biased towards the uninstrumented side. This can be seen by looking at the data for RTD's 7 and 14. For the unpowered case, they are different although some of this can be accounted for since the dry gas purge was blowing near the instrumented side and there are more RTD wires on this side. But the balancing is best determined by looking at how different these values are after subtracting out the temperatures as noted in the previous paragraph . The instrumented side is about 0.2°e warmer. The difference in the heat load up to this point is less than 0.1 watts. The overall difference in the heat load between these sides is about 0.2 watts. The standard deviation for these temperatures is typically 0.06°e or less. The difference however appears to be independent of flow rate. Therefore it is not 100% clear that the flow is imbalanced but if it were, the data that we are getting is conservative since the flow for the instrumented side could be slightly reduced .
The results of the tests can be found in the attached tables and graphs. It is important to note that the flow direction for these tests were from RTD 13 to RTD 1 with RTD 16 in the coolant before the channel and RTD 15 in the coolant after the cooling channel. The actual temperature rise of the coolant for the heat input is reasonably close to the estimated rise.
The results of the tests are best viewed in the attached graphs. The estimated operating pressure drop for the H-disk is 4 psi. This leads to a flow rate of approximately 1.5 lpm for -1 ooe coolant. For this flow rate and 640 m W chips, the highest measured temperature increase over the unpowered case is about 3.5°C. For the 500 mW case, this temperature increase is about 2.8°C. :: --1'-""'1' """' r"'''I-' ~Ocl'""1 -'" ocfc"oci-' ,,"c1- 
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